Introduction
Gastrointestinal stromal tumors (GISTs) typically originate from interstitial cells of Cajal (ICC), which are pacemaker cells that control gastrointestinal track (GIT) peristalsis and the only cells that exhibit the KIT or CD34 immunochemical positive reaction in the GIT, which is the diagnostic hallmark of a GIST (1) . The tumors can occur anywhere that these cells exist in the GIT, including the stomach (60-70%, which has a preferable prognosis), ileum and jejunum (25-30%), colon and rectum (5-15%), duodenum (5%) and esophagus (2%) (2, 3) . Some GISTs occur outside the digestive tract, such as in the omentum or retroperitoneum. These types are called extra-GISTs (EGISTs) (4, 5) . Other less frequent anatomical locations have been reported as primary sites, such as the liver (6), mediastinum (7) , pharynx (8) and gall bladder (9) . ICClike cells, which are KIT-positive mesenchymal cells, have been reported in the omentum (10) . Similarly, ICClike cells have been identified in many other organs, such as the urinary bladder, gall bladder, omentum, uterus, prostate and myocardium (11) ; thus, it is reasonable to assume that EGISTs originated from a common precursor that differentiated into ICC-like cells outside of the GIT. Therefore, EGISTs may theoretically arise from outside of the GIT. Miettinen et al. first defined soft tissue tumors, which originate outside of the GIT and present clinicopathological features and molecular characteristics similar to those of GISTs, as EGISTs (4). While the clinicopathological and biological features and prognosis of conventional GISTs are widely known, those of EGISTs have not been thoroughly investigated due to their sparsity. incidence of EGISTs accounted for approximately 5-10% of GISTs and approximately 4-7% of soft tissue tumors in the abdominal cavity (4) . Castillo-Sang M et al. showed that EGISTs accounted for 4.5% of all stromal tumors (22/486), with a male to female ratio of 1.4:1 and a median onset age of 45.5 years (13). Du et al. reported the incidence of EGISTs as 15 out of 141 (10.6%) cases (14) . Cho et al. (15) also described similar incidences of the disease (10.1%). In a report of SEER data, 323 out of 2812 (11.5%) cases were found to be EGISTs (16) .
Occurrence sites
Cho et al. (15) also showed the most common site for these tumors was the mesentery (45.1%) followed by intraabdominal (34.3%), pelvis (9.8%), retroperitoneum (3.9%) and abdominal wall (3.9%). Zhou et al. reported that the incidence of tumors in the mesentery was 50% (11/22), in the retroperitoneum was 36.4% (8/22 ) and in the omentum was 13.6% (3/22) (17) . It has been reported that EGISTs are often found in the mesentery, omentum and retroperitoneum, and they can also occur in the pancreas, bladder and female reproductive system (18) .
Pathology
EGISTs are a group of rare tumors with similar histology and immunohistochemical features as conventional GISTs, occurring outside the GIT, with a majority of them in the omentum and mesentery or in the retroperitoneum (4, 19, 20) . Like their digestive counterparts, most omental tumors are typically positive for KIT and less consistently for CD34, positive for α-smooth muscle actin (α-SMA) and negative for desmin and S100 protein (4). These tumors have low mitotic activity and, similarly to GISTs, present as elongated spindle cells, epithelioid cells or mix cells with high cellularity (21) . Analyzing 48 EGISTs (40 omental and mesenteric and 8 retroperitoneal), Reith et al. found that the tumors expressed KIT 100%, CD34 50%, neuron-specific enolase (NSE) 44%, α-SMA 26%, desmin 4% and S100 protein 4% (5) .
Approximately two-thirds of patients with a conventional GIST have a c-kit mutation at exon 11 (22) . Although the ratio of c-kit and PDGFRA gene mutations is similar to ordinary GISTs, their frequency is lower than conventional GISTs. The incidence of EGISTs mutated at exon 11 is reported to be approximately 40-50% (14, 19) . As this mutation is expected to have a good response to imatinib, a greater number of mutation analyses for EGISTs are required. To our best knowledge, there are two definite reports of EGIST responding to imatinib (23, 24) . Exon 11 mutation was indicated in one of the reports (24) .
Malignant potential
The clinical outcomes of EGISTs are not fully understood due to their sparsity. However, compared with a conventional GIST, an EGIST is considered to have a less favorable prognosis (5, 15, 16) . This is because EGISTs are frequently accompanied by unfavorable prognostic factors, such as high mitotic indices, large size and distant metastasis including lymph node involvement. Zhou et al. (17) reported on the survival of EGIST patients. Comparing the survival of conventional GIST patients, the 1-, 3-and 5-year overall survival rates of EGIST patients were 91.7%, 61.1% and 48.9%, respectively; the 1-, 3-and 5-year recurrence-free survival rates were 72.2%, 28.9% and 19.3%, respectively. The overall survival rate of EGIST patients was significantly lower than that of conventional GIST patients (with 1-, 3-and 5-year overall survival rates of 94.0%, 88.1% and 82.4%, respectively); however, EGIST and conventional GIST patients did not show a statistically significant difference in recurrence-free survival.
Other investigators have shown that the prognosis of an EGIST is less favorable (5, 15) . Zhou et al. (17) speculated that the significant differences between the two groups in survival might be related to the following two points. First, tumor size is thought to be an important factor affecting the prognosis of stromal tumors. The median tumor diameter of an EGIST is typically greater than that of a GIST, which may be due to available space at occurrence sites; thus, the clinical symptoms occur only when the tumor size becomes large, leading to the observation that EGISTs are relatively larger. Second, compared with a typical GIST, an EGIST does not affect the digestive tract; therefore, it is rare to identify early symptoms, such as gastrointestinal bleeding, that are observed in GISTs. This is also an important factor causing the relatively larger size and more advanced staging when an EGIST is discovered.
Prognostic factors
Tumor size, mitotic index and primary tumor sites are important factors affecting the prognosis of GISTs; therefore, they have been included in the risk grading system for GISTs. A high mitotic index [5/50 high-power field (HPF)] or a high Ki-67 labeling index (10%) were associated with poor prognosis in the case of an EGIST (19) . Tumor size is an important prognostic factor in both the National Institute of Health (NIH) and the Armed Forces Institutes of Pathology criteria (25) . EGISTs are often a large size due to their anatomic site which has enough space to grow before producing symptoms. Guye et al. reported that tumor size was not an adverse prognostic factor in a multivariate survival analysis of a large GIST cohort composed of 2,489 patients (88.5%) with GISTs and 323 patients (11.5%) with EGISTs (16) . Therefore, tumor size might not be associated with adverse outcomes because most of EGISTs were found a large size. Another explanation is that tumor size itself may not express the biological characteristics of an EGIST because the tumor size has different clinical implications at different anatomical sites (3) . Further examination should be required to the prognostic role of tumor size in EGISTs. Therefore, a grading system for conventional GIST using a combination of mitotic index and tumor size may not be completely applicable for EGISTs.
Difficult diagnosis
Agaimy and Wünsch reported that tumors labeled initially as primary EGISTs were instead GISTs (26) . Acritical reevaluation of the surgical report and a careful search for original muscular tissue from the gut wall in the tumor pseudocapsule of 14 EGISTs, made it possible to reclassify most of these cases as either GISTs with extramural growth (8/14) or as metastases from a GIST (3/11) . This study emphasized the focal attachment or adhesions to the gut wall that must be documented intraoperatively and the paramount role of the pathologist in searching for any residual muscle tissue in the tumor pseudocapsule. The clinical presentation of EGISTs depends on the primary location and dimensions. In very large abdominal tumors, the visceral origin is almost impossible to determine (Figure 1) .
Conclusions
Compared with conventional GIST patients, EGIST patients have a younger onset age, larger tumor size and poorer prognosis. The clinical symptoms of EGISTs are often manifested as common digestive symptoms. Because it does not typically affect the GIT, an EGIST rarely causes gastrointestinal bleeding, obstruction or other typical clinical manifestations. A survival analysis showed that the primary tumor site and mitotic indices are important factors, but tumor size is controversial in affecting the prognosis of EGIST patients. Due to the low incidence of EGISTs, multi-center collaborative investigations combining basic research with clinical studies are required to expand the sample size and further study the biological characteristics of EGISTs. It was pathologically diagnosed as a GIST and had connection to these adjacent organs. The origin is unknown though it was pathologically investigated. GIST, gastrointestinal stromal tumor.
